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     I. Brief description of the topography of the Yamagata Basin 
                            (Fig. 1). 
    On both sides of the Owu Mountains, the backbone range of Tohoku Reg-
ion, there are a number of small fault basins arranging longitudinally from north 
to south. 
    The Yamagata Basin is situated at the middle part of the west row of the 
basins,  adjacent to the Kaminoyama Basin in the south and to the Obanazawa 
Basin in the north, and with an oblong shape of 40 km in length and 10-20km in 
width. The altitude of the basin plain ranges from 140 m in the south to 80 m 
in the north above sea level, and the basin is drained by the Mogami River in 
the northern part of the basin from the southwestern hills northward , while the 
southern part of the basin by two tributaries of the same river , the Su and  Shim. 
Rivers.  The eastern margin of the basin is fringed by the spurs of piedmont ranges 
of the  Owu. Mountains which are truncated  by a longitudinal fault , and the western 
margin is bounded by a vague fault passing the front of  Mt. Hayama in the north 
and of the Shirataka Range in the south . Geology on both sides of the basin is 
composed mainly of Tertiary sediments and volcanic rocks intruded or extruded . 
The east margin of the basin is fringed by three alluvial fans ,  Mamigasaki, Tachiya 
and Midare, from south to north. Those were built by each consequent river in 
the west flank of the Owu Mountains at each locality traversing the  eastern 
marginal fault line, whereas, there are no remarkable fans except the Sagae fan 
in the western margin of the basin . 
     II. Water supplying facilities of the Mamigasaki fan . 
   Yamagata City, prefectural capital , is in its urban area occupying a greater 
part of the Mamigasaki fan, above enumerated, and the water supply for domestic 
and industrial uses of this city (population 167,702 in 1955 census) depends mainly 
upon the groundwater of the fan because the volume of stream water of the 
Mamigasaki River (22.6 million m3 annually, near the apex of fan) is not sufficient 
and, besides, its volume of stream water extremely varies every season. Moreover,
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    Fig.  1 Index-map of the Yamagata Basin
some of the stream water must be shared as irrigation water for the paddy fields in 
the basin plain by the surface canals branching oft the river course near the apex 
of the fan, for the farmers in the area have enjoyed their water privilege ever since 
the feudal age. 
   The water  supply for domestic use of some part of the citizens depends upon 
the city aqueduct introducing stream water from the  Mamigasaki River, and the 
rest upon the dug well of every home on the fan. Recently, the volume of water
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supply for the city has become insufficient with the increase in population and 
the rapid progress of industrialization in the city. Thereupon, the municipal water-
works department has naturally been forced to depend upon the groundwater of the 
fan (by means of deep bored-wells, 100 m or so in depth,) for the source of its 
aqueduct. As a result of this, the water table of the fan declined remarkably 
and many of the home dug wells are getting dried up. Nevertheless , the amount 
of water from the city bored-wells is still insufficient. As a source of water 
supply, the stream water of the Su River in the basin, is expected because of its 
considerable stream water volume. However, the quality of its stream water 
is not suitable for domestic or irrigation uses owing to its high acidic  sulphuretted 
nature which is derived from a tributary draining the western flank of Zao Volca-
noes southeastward. 
     III. Development and structure of the Mamigasaki fan. 
   Owing to the above-mentioned condition, Yamagata City has been confron-
ting severe difficulties as to the water-supply problem. The writer has taken 
part, as a member of the investigation party of water supply, in the exploitation 
of some new sources of water supply since 1956. Upon this, he surveyed, at first, 
the relation between the development process and structure of the  Mamigasaki 
fan and its capacity as a subterranean water reservoir. 
   The  Mamigasaki fan was built, needless to say, by the Mamigasaki River 
(about 24 km in length with the drainage area of 69.2 sq. km) which drains the 
northern slopes of Zao Volcanoes and then joins the Shira River. The Mamigasaki 
fan covers an area of 24 sq. km with the radius of 6.0 km and the altitudes of 
235 m at its apex and 120 m in its toe above sea level. The formation of the fan 
was closely related, as a matter of course, to the longitudinal fault by which the 
 Yamagata Basin may have been formed, and the Mamigasaki fan may have been 
built primarily under the fault scarps along which the gradient of the river floor 
may have been changed abruptly. It may easily be supposed that the fanglome-
rates of the primary fan are steeper in dip and coarser  in grain size than those 
of the present superficial fan. On the other hand, the floor of the Yamagata 
Basin was also buried, at the same time , by fluvial or lake deposits and in the 
meantime, the fault scarp may have been buried accompanied with the aggrada-
tion of the primary fan and the Mamigasaki river floor. After the fault scarps 
had been buried, the process of fan formation may still have been continued to 
make smooth the gradient of the river floor thereabout . The process of fan 
formation still more progressed and is now progressing apart from the fault line 
by filling up the upper valley floor as it was widened . Thus the writer inclined
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 to suppose the two-fold structure of the Mamigasaki fan, the fan formed in the 
 former stage of its process being  "a buried primary fan" and that in the latter stage 
 "a superficial secondary fan" (Fig. 2). 
    Recently, many bored wells, 100 m or so in depth, have been drilled mainly 
 for water supply for Yamagata City, especially in the Mamigasaki fan area, 
 though those intended for natural gas are observed in the southern part of the 
 basin. The writer examined the layers forming the fan and its  adjacent parts 
 of the basin by the records of these bored wells and represented them in a panel 
 figure as is shown in Fig. 3. The figure seems to prove the above-stated  suppos-
 tion cf the two-fold structure of the  Mamigasaki fan, namely the superficial 
 secondary fan in the upper part and the buried primary fan in the lower  (Fig. 4). 
 Some records of the bored wells of the adjacent part of the front or toe of 
 the Mamigasaki fan, show deeper basin deposits composed of thick layers of 
 gravels, so thick that even a well as deep as 180 m does not yet reach the 
 foundation rocks of the basin. The layers suggest the fanglomerates of the 
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    Fig. 2 Blockdiagrams illustrating the fan formation process in the Yamagata Basin. 
 A—the formation of primary fan.  B—the formation of secondary  fan. 
 FS... fault scarp,  F-F....fault line,  PF....primary fan. 
 OB... old basin plain,  ES....erosion scarp,  SF....secondary fan 
 RB....recent basin plain. 
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               Fig. 4 Underground structure ofthe Mamigasaki Fan and 
                      its neighbouring part of the Yamagata Basin.
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Fig. 3  Lithologic Facies of the Deposits in the  Mamigasaki  Fan and its neighbouring part of the  Ya  magata  Basin
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buried primary fan underneath the superficial secondary fan and between the 
two fans are intervening some horizontal clayey strata and lignite or peat 
seams as a member of basin deposits representing impermeable layers for 
groundwater. 
     IV. Characters of the fan structure viewed from the capacity of 
        groundwater reservoir. 
    For the prospect of new groundwater reservoirs for the water supply in 
 Yamagata City, the writer proposed that as a new reservoir, that of the buried 
primary fan might be expected for the following reasons. Firstly, the ground-
water of the superficial secondary fan composed of loose fanglomerates and without 
any extensive impermeable layers except some narrow lenticular ones, may surely 
be supplied mainly by seepage of stream water of the Mamigasaki River. 
However, the flow volume of this river extremely varies in each season, and its 
intake area is confined to the drainage area of this river. So that the recharge 
ability as a water reserboir of the superficial secondary fan may also be retarded. 
In contrast, it may be expected that the groundwater confined in the buried 
primary fan is fed by a broader source area, not only that of the Mamigasaki 
River but also those of the southern margin of the basin through deep seated 
permeable basin deposits. Consequently, it will easily be rechargeable in every 
season despite of pumpage to an excess. Secondly, as the superficial secondary 
fan is composed mainly of loose fanglomerates and with some intervening thin 
and narrow lenticular impermeable clayey layers, every  water-bearing layer may 
be interconnected and every adjacent well of the fan interferes to each other in 
its capacity of discharge. However, the buried primary fan may be covered 
and intervened by relatively extensive impermeable clayey basin deposits , so 
that the water-bearing layers, aquifers, are under pressure representing artesian 
conditions, and therefore the interference to the wells of the superficial secondary 
fan will not be feared. It is true that, in a zone of outer margin  adjacent to the 
spring zone of the toe of the superficial secondary fan many shallow artesian 
wells have been made use of since the feudal age besides dug wells for domestic 
use and irrigation, and the layers of  fanglomerates in the area are interfingering 
with finer basin deposits. Though these shallow artesian wells have recently 
been remarkably decreased in water pressure and turned into the ordinary 
driven wells in accordance with the decline of the water table of the whole area 
of the superficial secondary fan because pumping up the excess volume by deep 
bored wells has surpassed the capacity of their recharge . This condition, however, 
does not necessarily show the exhaustion of this water reservoir . Mr. Susumu
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Kudo, head official of the municipal water-works department, estimated the 
capacity of the  Mamigasaki fan by the following items (1951). 
     a. Drainage area of the  Mamigasaki River. 69.3 sq km 
 b. Annual precipitation (1950) 1,957.9 mm 
  c. evaporation 1,044.3  mm 
  d. permeation 587.25 mm 
     e. flow volume of the Mamigasaki River. 22,588,335 m3 
 f. discharge of the Mamigasaki fan. 35,474,275 m3 
     g. utilized volume for the city water aqueduct. 4,050,747 m3 
   As above items show, the volume of groundwater utilized by 61,676 
citizens of  Yamagata City (about  68% of total population in 1951) was  4,050,747 
m3 (g). This figure shows only  11  % of the annual groundwater discharge of the 
fan (f). In 1956, Mr. S. Kudo reestimated that the annual discharge of ground-
water of the Mamigasaki fan was 39,958,224  mg and the total utilized water 
volume by 17 deep bored wells (60-120 m in depth) in the Mamigasaki  fan area 
was 11,244,946 m3  (28.1% of the annual discharge of the fan). Thus, the 
utilized water volume increased  remakably, that is, amounted to about three 
times as much. Consequently, the water table in the fan declined much more 
and many shallow dug wells in the fan dried up anew. This condition is, without 
doubt, uneconomical for the groundwater utilization. 
   The object of drilling these deep bored wells in recent years was to sucking 
up the deep-seated water in the  fan. However, the strainers of the water tube 
in each well were opened at every water seam regardless of depth. Aa a result 
of it, it may easily be surmised that more groundwater is naturally sucked up 
from the shallow seams than from the deeper. Thereupon, the writer suggested 
that the shallow strainers must be sealed to recover the declined water table. 
At his suggestion, the officials in charge of the city water-works sealed the shallow 
strainers less than 80 feet in depth, and moreover, for the recovery, they intend 
to dig some trenches near the apex of the fan, so that the percolated water of 
the Mamigasaki River may be introduced in the season when no more irrigation 
water is needed. 
     V. Forecast of water-supplying facilities of the buried primary fan. 
   Exploitation of some new recources of water supply for Yamagata city is 
an outstanding problem confronting the party interested in this city at present. 
To solve this problem, the writer proposed the above-stated idea concerning the 
structure of the Mamigasaki fan viewed from its facilities as a subterranean 
water reservoir and suggested that the buried primary fan would be a promising
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reservoir for the aforesaid reasons. The actual status of the fan, however, is not 
yet revealed completely,  fir r instance, its dimension and consequently its water 
capacity and ability of recharge. For the measurement of its dimension, the 
accurate position of the fault scarp must be determined on one hand, and the 
thickness of its fanglomerates on the other. The former was found out through 
geophysical surveying by the technicians of the department of seismic waves, 
but concerning the latter there are no sufficient data, though the underlimit 
of the fan is surmised to be  120-130  m from the ground  surface. some one 
 of the members of the party, recently estimated that the water capacity of 
the primary fan may be 40 million m3 at maximum and that it has a favorable 
condition in its facility of recharge for the following reason that some part of the 
groundwater of the Yamagata Basin will be able to be fed by that of the 
Kaminoyama Basin neighbouring to the former to the south, through a supposed 
underground stream course under the narrow between the two basins. The 
narrow is said to have been formed by the mudflow issued from Zao Volcanoes, 
which once blocked up the Su River floor composed of thick fluvial deposits. 
   During the last two years, the  department of water-works of the city and 
the  arable-land betterment associations have drilled several bored-wells  100-
150 m in depth into the buried primary fan, at about the toe of the superficial 
secondary fan for the purpose of city aqueduct and irrigation. These wells are 
yielding, as were expected,  2,000-8,000m3 per day through the tubes  30-35cm 
in diameter. In the last late spring the farmers, who have interest in these 
wells, payed profound  gratitudes to the representative of the party for having 
saved them from the damages by the unusual drought in the season. Accordingly, 
it may be said that the buried primary fan certainly has excellent facilities 
as a groundwater reservoir for Yamagata City.
